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WOUND STATOR OF AN ALTERNATOR AND
VEHICLE ALTERNATOR

BACKGROUND

Field of the Invention

The present invention relates to a wound stator of an
alternator, more particularly to a wound stator of an alter-
nator having double abreast wires embedded in grooves of
a stator.

Description of Related Art

An alternator 1s used for converting mechanical energy
into alternating-current electric energy. In a vehicle alterna-
tor, the output power of an engine drives a rotor of the
generator to rotate within a stator to convert mechanical
energy ol the engine 1nto electric energy to charge a storage
battery, which then supplies electric energy to electrical
parts of a vehicle.

A vehicle alternator typically has an annular stator and a
rotor. By means of rapid rotation of the rotor in the stator,
magnetic fields are formed by wires wound on the stator so
as to generate an mnduced electromotive force (voltage) 1n
the wires. In general, the voltage output by the alternator 1s
proportional to the number of coil groups in a stator ring.
Therefore, the higher the density of wires wound on a stator
ring, the higher the power generation of the generator.

A variety of coil winding methods have been adopted for
a conventional generator, such as folding and winding, or
wave-shaped winding. The choice of winding method has an
influence on the output voltage of the generator at low
rotational speed or high rotational speed resulting in specific
output characteristics of an alternator at diflerent rotational
speeds. For example, factors concerning the output charac-
teristics of an alternator include the diameter of the con-
ducting wires and the number of wound coils. Under high
rotational speed, the output current of the alternator usually
increases or decreases along with the wire diameter. Fur-
thermore, under low rotational speed, the output current of
the alternator usually increases or decreases along with the
number of coils. Therefore, design choices of conducting
wire diameter and winding method vary depending upon the
desired output characteristics.

Moreover, the stator of an alternator 1s positioned such
that 1t surrounds the rotor. When the rotor i1s rotated with
respect to the stator, the coils wound on the stator are
induced because of electromagnet eflect and thus generate
alternating current. The rotor normally comprises a first claw
pole element and a second claw pole element in which a
plurality of the N-pole claw-shaped bodies of the first claw
pole element and a plurality of the S-pole claw-shaped
bodies of the second claw pole element are respectively
adjacent to each other while spaced apart. After an electric
current 1s supplied to the magnetic-field coil of the rotor 1,
a claw pole element of the poles and the other claw pole
clement can be magnetized into an N pole and an S pole,
respectively, due to electromagnetic induction so that each
pair ol adjacent claw-shaped bodies of the claw pole ele-
ments can generate a magnetic field. When the rotor rotates,
direction of the magnetic field also changes with rotation of
the rotor to further create an electromagnetic induction with
the stator coils of the stator to generate an alternating
current. However, for a rotor of a generally conventional
alternator, after an electric current i1s supplied to the mag-
netic-field coil and when the first claw pole element and the
second claw pole element of the pole are magnetized into an
N pole and an S pole, respectively, due to electromagnetic
induction, part of the magnetic lines may directly pass from
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2

a space between two adjacent claw-shaped bodies of the
claw pole elements and may not participate in formation of
the magnetic field of the pole. Such phenomenon 1s called
“magnetic leakage.” Magnetic leakage may cause unneces-
sary magnetic loss and reduce the strength of the magnetic
field formed by the pole, which further reduces the gener-
ating capacity of the alternator.

In view of the above, optimization of a wire structure and
the winding manner as adopted for the wound stator, and
also improvement to the rotor structure are desired 1n order
to enhance the output eflicacy of an alternator.

BRIEF SUMMARY OF THE INVENTION

An objective of one embodiment of the present invention
1s to provide a wound stator of an alternator having
improved output eflicacy.

Another objective of another embodiment of the present
invention 1s to provide a combined wound stator and rotor
structure of an alternator having improved output eflicacy.

An embodiment of the present invention discloses a
wound stator of an alternator, comprising: a stator; and a
group of wires for a stator comprising a plurality of abreast
wires arranged 1n a radial direction, wherein the group of
wires for a stator are embedded 1n corresponding grooves of
the stator sequentially.

Another embodiment of the present invention discloses a
wound stator for an alternator. The wound stator comprises:
a stator and two abreast wires wherein the stator has a
plurality of radial grooves arranged at an inner circumier-
ence of the stator and each of the two abreast wires com-
prises a first end, a second end and a plurality of wave-
shaped coils located between the first end and second end.
Each wave-shaped coil 1s formed of straight portions and
curved portions that alternate with each other, wherein each
of the wires 1s pressed so that the cross section of the straight
portions 1s of a generally elliptical shape. The straight
portions of the two abreast wires are sequentially embedded
in corresponding grooves of the stator and the two abreast
wires in the grooves are oriented 1n a direction along the
circumierential direction of the stator.

A further embodiment of the present invention discloses
an alternator for a vehicle, comprising: a wound stator of an
alternator according to the above embodiments, a rotor
comprising a first claw pole element and a second claw pole
clement opposite thereto, wherein the first claw pole element
has a plurality of N-pole claw-shaped bodies, the second
claw pole element has S-pole claw-shaped bodies in which
the number of the N-pole claw-shaped bodies 1s the same as
that of the S-pole claw-shaped bodies, wherein when the first
claw pole element and the second claw pole element are
combined with each other, the plurality of N-pole claw-
shaped bodies of the first claw pole element and the plurality
of S-pole claw-shaped bodies of the second claw pole
clement are respectively adjacent to each other while spaced
apart; wherein a permanent magnet 1s fixedly disposed
between at least one N-pole claw-shaped body of the first
claw pole element and 1ts adjacent S-pole claw-shaped body

of the second claw pole element, wherein an N polar end of
the permanent magnet 1s 1n contact with the N-pole claw-
shaped body of the first claw pole element, and an S polar
end of the permanent magnet 1s 1n contact with the S-pole
claw-shaped body of the second claw pole element, wherein
the rotor 1s coaxially arranged within the wound stator of the
alternator.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic view of a wire for a stator according,
to an embodiment of the present invention;
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FIG. 2 1s a schematic view of a wire template for
fabricating a wire for a stator;

FIG. 3A 1s a schematic top view of a flattening jig;

FIG. 3B i1s a schematic side view of the flattening jig;

FIG. 3C 1s a schematic side view showing that the wires
are tlattened by the flattening j1g;

FIG. 4A 1s a schematic view of a stator ring according to
an embodiment of the present invention;

FIG. 4B 1s a partially enlarged view of FIG. 4A;

FIG. 5A 15 a schematic view of a stator winding according,
to an embodiment of the present invention, which shows
double abreast wires disposed 1 a radial direction and
embedded into each groove of a groove group of {irst phase
in a forward direction;

FIG. 5B 1s a schematic view of a stator winding according
to an embodiment of the present invention, which shows that
alter the double abreast wires are embedded into each
groove of the groove group in the forward direction in FIG.
5A, they are embedded therein 1n a reverse direction;

FIG. 6 1s a partial, sectional view of a wound stator
according to an embodiment of the present invention having
double abreast wires of small diameter disposed 1n a radial
direction and embedded 1nto a groove of the stator;

FIG. 7 1s a partial, sectional view of a wound stator having,
single wire of large diameter embedded into a groove of the
stator;

FIG. 8A 1s a graph of cold temperature output drawn
according to Table 1 in the specification.

FIG. 8B 1s a graph of hot temperature output drawn
according to Table 1 in the specification.

FIG. 9 1s a partial, sectional view of a wound stator
according to an embodiment of the present invention having
double abreast wires embedded 1mn a groove of the stator
wherein the double abreast wires are oriented along the
circumfierential direction of the stator;

FIG. 10 1s an exploded view of a rotor of an alternating-
current generator according to an embodiment of the present
invention;

FIG. 11 1s a schematic view showing magnetic poles of a
rotor for an alternator according to an embodiment of the
present mvention;

FIG. 12 1s schematic view showing a permanent magnet
and 1ts cover according to an embodiment of the present
imnvention;

FIG. 13 15 a sectional view taken along Line A-A 1n FIG.
11 in which the permanent magnet and 1ts cover are mounted
to the poles according to an embodiment of the present
invention;

FI1G. 14 15 a sectional view taken along Line A-A 1n FIG.
11 in which the permanent magnet and its cover are mounted
to the poles according to another embodiment of the present
invention;

FIG. 15A 1s a graph of cold temperature output drawn
according to Table 2 in the specification; and

FIG. 15B 1s a graph of hot temperature output drawn
according to Table 2 in the specification.

DETAILED DESCRIPTION OF TH.
EXEMPLARY EMBODIMENTS

(L]

The characteristics, subject matter, advantages, and
cllects of the present invention are detailed heremnafter by
reference to embodiments of the present invention and the
accompanying drawings. It 1s understood that the drawings
referred to 1n the following description are intended only for
purposes of illustration and do not necessarily show the
actual proportion and precise arrangement of the embodi-
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4

ments. Therefore, the proportion and arrangement shown in
the drawings should not be construed as limiting or restrict-
ing the scope of the present invention.

FIG. 1 1s a schematic view of a wave-shaped wire for a
stator of a vehicle alternator according to one embodiment
of the present mvention. As shown i FIG. 1, a wire 10
includes a first end 11, a second end 12, and a plurality of
wave-shaped coils 13 located between the first end 11 and
the second end 12, and each wave-shaped coil 13 1s formed
by a plurality of straight portions 131 and a plurality of
curved portions 132 that alternate with each other. For
example, a wave-shaped coil 13 may be regarded as one sine
shape formed of a straight portion(s) 131 and a curved
portion(s) 132. The number of wave-shaped coils of the wire
10 may also be regarded as, for example, the number of
curved portions 132 that open downwards 1n FIG. 1 (1in FIG.
1, there are 8 curved portions 132 which can be regarded as
8 coils). The number of wave-shaped coils of the wire 10
may be 6 to 8, or may be a larger number of turns, for
example, 12 to 16. For the material of the wire 10, an
enameled copper with a circular cross section 1s typically
used. Alternatively, to increase wire density after the stator
1s assembled, the straight portion 131 of the wire 10 may be
pressed flat by using a j1g, making the cross section of the
straight portion 131 1nto a square shape, a rectangular shape,
an elliptic shape or the like. In the present embodiment, the
straight portions 131 of the wire 10 are flattened to form
generally an elliptical cross section having opposed flat sides
(as shown 1n FIG. 3C). The advantage of such an approach
lies 1n that, compared with an approach 1n which a flat wire
1s used to increase wire density 1n a stator groove (to reduce
an air gap ratio), the cost of using a flat copper wire 1s much
higher than that of using a common round copper wire that
1s partially pressed flat later. This 1s because when a wire 1s
wound 1n a stator groove, a curved part that 1s not in the
stator groove does not have an air gap ratio problem; the use
of a partially flattened wire of the present invention can not
only achieve the same eflects of increasing wire density and
lowering air gap ratio between wires as using a flat wire but
it also eflectively saves manufacturing cost. Certainly, a flat
wire can be directly used to pursue desirable power genera-
tion eflicacy. In this case, the cross sections of both the
straight portion 231 and curved portion 232 would have a
square shape, a rectangular shape, an elliptic shape or the
like with flat sides.

Furthermore, the wire 10 with the desired shape may be
implemented by using a wire template 800, such as the one
shown in FIG. 2. In a manufacturing process of the wire, a
long and straight wire 1s bent along shaped contours of wire
template bumps 810 and winds through gaps 820 1n the wire
template bumps 810 in an alternative manner. Since the
contours of the wire template bumps 810 have shapes that
conform to those of the straight portion 131 and the curved
portion 132 of the wire 10, through the above manufacturing
process, the desired wave-shaped coils 13 having the
straight portions 131 and the curved portions 132 that
alternate with each other are formed.

Further, after the wire 10 1s finished, a flattening j1g may
be used to implement flattening of the straight portions 131
to make the cross sections of the straight portions 131 into
a noncircular shape, for example, as shown by the flattening
11g 900 1n FIG. 3A to FIG. 3C. FIG. 3A 15 a top view of a
flattening j1g 900, which has clamping grooves 910 to
receive the straight portions 131 of the wire 10. Further, as
shown 1n FIG. 3B, the straight portions 131 (circular cross
sections) of the wire 10 may be placed inside the clamping
grooves 910 of the flattening j1g 900 and the wire 10 may be
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pressed from 1ts sides to be tlattened into the required shape
or size, so as to obtain the flattening forms of the straight
portions 131 of the wire 10 shown i FIG. 3C (.e., a
generally elliptical-shaped cross section having opposite flat
sides); 1n this case, the wire 10 1s a partially flattened wire
in which the curved portions 132 remain round in shape.

FIG. 4 A 1s a stator structure according to one embodiment
of the present invention. As shown in FIG. 4A, a stator 20
has an annular body 21, where a plurality of radial elongated
grooves 23 separated by separating posts 22 1s formed at an
inner circumierence of the stator. The number of grooves 23
1s, but 1s not limited to, for example, 72 to 96 (96 grooves
in FIG. 4A). An end of the separating post 22 slightly
protrudes from 1ts two adjacent sides to form a magnetic
shoe 24, and an opening 25 of the groove 23 1s formed
between two magnetic shoes 24. Generally speaking, the
stator 20 1s made of a material with desirable electrical and
magnetic field properties, for example, cold-rolled steel
plate (SPCC), silicon steel or other similar materials. An
clectrical insulating material 26 may be laid on the surface
of the elongated groove 23 of the stator. As shown 1n FIG.
4B, for the electrical mnsulating material 26, a sheet-form
material 1s folded to fit the shape of the surface of the radial
clongated groove 23 1inside the stator 20 and is directly
embedded 1n the groove 33 to cover the surface of the
groove 33. The electrical insulating material 26 can be made
of a material such as pressed paper board, plastic film,
polyester film, aramid paper, and epoxy resin.

The plurality of elongated grooves 23 of the stator 20 are
used for the winding of the wire 10. In particular, each
straight portion 131 of the wave-shaped coil 13 of the wire
10 1s, starting from the first end 11 of the wire 10, sequen-
tially embedded in the corresponding grooves 23 of the
stator 20 and juts out from one of the corresponding grooves
with the second end 12 of the wire 10. In this case, the
groove 23 has one embedded layer of the wire 10. A plurality
of layers of the wire 10 may be embedded in the same
groove 1o increase power generation. The winding work for
the stator 20 1s completed by embedding multiple wave-
shaped wires 10 1n all the grooves 23 of the stator 20, such
that each groove 23 has embedded wires. The details of the
winding work for the stator 20 are further illustrated below
by way of an explanatory embodiment according to the
present invention.

In FIG. SA and FIG. 3B, a wave-shaped wire 10 for
winding a stator 20 of the present invention i1s used. This
embodiment shows how to fabricate a wound stator having
two sets ol three-phase power generations. As shown in
FIGS. 4A and 4B, a stator 20 having 96 grooves 1s provided.
For each phase of power generation, two windings and 32
grooves 23 are mvolved, and for each winding, 16 grooves
are involved. In other words, if the 1°* and 2" grooves and
corresponding grooves (that is, the 7 and 8” grooves, 13”

and 147 grooves, . . ., 91° and 92" grooves) are for a first
phase, the 3" and 4™ grooves and corresponding grooves
(that is, the 97 and 107 grooves, 15” and 16"

grooves, . . ., and 93”7 and 94” grooves) are for a second

phase, and the 5”7 and 6”7 grooves and corresponding
grooves (that is, the 1% and 12?7 grooves, 177 and 18"

grooves, . . ., and 957 and 96 grooves) are for a third phase.
In this case, the 96 grooves 23 form a circle around the stator
20.

As shown in FIG. 5A, a pair of abreast wave-shaped wires
10a and 105 are disposed 1n the radial direction of the stator
20. The abreast straight portions 131a and 1315 of the wires
10a and 1056 are, starting from first ends 11a and 115 of the
wires 10a and 1054, simultaneously embedded in the 1%
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groove from one of the plurality of grooves 23 (annotated 1n
FIG. 4B) of the stator 20 wherein the straight portions 131a
and 1315 are radially adjacent to each other in the 1** groove.
In this embodiment, the groove corresponding to the ends

11a and 1156 of the wire 10a and 106 as shown 1n FIG. 5A
is designated as the 1°* groove. Next, each pair of the abreast
straight portions 131a and 1315 of the wires 10a and 1056 are
sequentially and radially embedded 1n a forward direction
(e.%. clockwise) in the 77 groove, 13 groove, 19” groove,
25" aroove, . . . until the 91% groove to complete the winding,

of the wire around the entire circumierence of the annular
body 21 of the stator 20. When the abreast wires 10a and 1056
jut out from the 91°° groove (the groove corresponding to the
arrow A 1n FIG. 5A), 8 coils out of the 16 coils of the wires
10a and 1056 are leit outside the grooves (not shown). Next,
referring to FIG. 5B, the rest of the abreast straight portions
131a and 1315 of the wires 10a and 105 outside the grooves,
starting from the 91°° groove, are radially embedded in a
reverse direction (direction of arrow A; 1.e., counterclock-
wise) 1n the corresponding grooves 33 that already have
double abreast wires embedded therein from the forward
winding, and after reverse winding around the entire cir-
cumierence of the stator 20, the second ends 12a and 125 of
the wires 10a and 1054 jut out from the 91°° groove. In this
way, the abreast wires 10a and 105 disposed in the radial
direction wind around the stator 20 by two turns (one turn 1n
the forward direction and the other 1n the reverse direction)
to complete the winding of a set of wires for one phase (1.¢.,
the grooves 1nto which the wires 10a and 105 are embedded
alfter winding form a winding set of one phase), and four
wire ends, that 1s, the first ends 11a and 115 adjacent to each
other 1n the radial direction, as well as the second ends 12a
and 1256 adjacent to each other 1n radial direction, are left
outside the grooves 23 of the stator 20. Subsequently, based
on the foregoing manner, double abreast wires 10 disposed
in the radial direction are sequentially embedded 1n the next
two groups of grooves (the 3™ and 4” grooves and the
corresponding grooves) for the second phase and the further
next two groups of grooves (the 5 and 6” grooves and the
corresponding grooves) for the third phase so as to complete
a stator winding having three phases of power generation
windings; 1n this embodiment, each groove 23 of the stator
20 has a total of four layers of straight portions of the wires.

However, to increase power generation and enhance
power generation eflicacy, the grooves 23 of the stator 20 are
not limited to receiving only four layers of the straight
portions of the wires. For example, according to another
preferred embodiment, 1n the foregoing groove set for the
first phase and in the groove where the second ends 12q and
1256 of the wires 10a and 105 respectively jut out, the first
ends of an additional two of the same abreast wires 10 each
having 8 coils are arranged in the radial direction and are
respectively connected 1n series to the forgoing second ends
12a and 12b6. Then, beginning with the first ends of the
additional two wires 10, the abreast straight portions of the
additional two wires disposed in the radial direction start to
be embedded in the corresponding grooves in a forward
direction around the entire circumierence of the stator 20
from the 1°° groove to the 91* groove, and jut out from the
91°* groove. Accordingly, each groove of one groove group
corresponding to the first phase of the stator 20 can have six
layers of wires embedded therein, and four wire ends, that 1s,
the first ends 11a and 115 of the wires 10aq and 106 and the
second ends of the additional two wires. Subsequently,
based on the foregoing manner, additional wires can be
turther embedded in the other group of the grooves for the
first phase, 1n the next two groups of grooves for the second
phase and in the further next two groups of grooves for the
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third phase, so as to complete a stator winding having two
sets of three phases of power generation windings with each
groove 23 having six layers of straight portion 131 of wire
10 embedded therein. Finally, after the wire ends of the same
phase are soldered, the wires for the three phases are further >
soldered 1n a Y-connection or 1n a connection of a star shape
to complete the wire connection of the wound stator having,
s1X layers ol wire.

The number of layers of wires 10 1n a groove 23 of a stator
20 of the present invention 1s not limited to the four or six
layers of wires as mentioned in the above embodiments. For
example, 1 the above-mentioned additional abreast wires
arranged 1n the radial direction which have 8 coils are
replaced by the wires having 16 coils, each groove of the
stator 20 would have 8 layers of wires after winding. If 1°
necessary, by increasing the depth of the groove 23, the
number of double abreast wires 10 arranged in the radial
direction and embedded 1n a groove group of one phase can
be 1ncreased to, for example, 4 to 16 layers of wires. In this
case, power generation eflicacy can be enhanced rapidly and
cllectively.

Further, the wire 10 as adopted in the embodiments of the
present invention 1s not limited to a wire having 16 coils. A
wire having 8 coils may be used instead. For example, for
the winding 1n a phase in which a groove of a stator 20 has
four layers of wire, four wires having 8 coils are required.
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As shown 1n the embodiment of FIG. 6, the two opposed
flat sides of the flattened straight portions of each of the
double abreast wires 10a, 105 are embedded 1n the groove 45
23 along the radial direction of the groove 23 so that the
orientation of the double abreast wires 10a, 105 1s along a
radial direction of the groove 23. It can be seen from FIG.

6 that the groove 23 of the stator 20 comprises 6 layers of

wire (1.e., 3 layers of the double abreast straight portion of s
the wires arranged 1n the radial direction). The advantage of
the winding disclosed 1n FIGS. SA and 5B lies 1n allowing,
wires with a diameter smaller than the diameter of the
conventional wires (e.g., conventional wire diameter of 1.9
mm) to be used so that more layers of wires can be
embedded in the groove 23 of the stator to enhance the
output performance of the alternator under high revolutions.
For example, 1 enameled copper wires with 1.5 mm diam-
eter are used, the straight portions thereof after being pressed
form a cross section of a generally elliptical shape having a
major axis length of 1.6 mm and a minor axis length of 1.4
mm, and therefore 6 layers of such pressed wires 1n the
groove 23 are filled 1n the groove 23 to form the structure
shown 1 FIG. 6. Of course, the present invention 1s not
limited to the use of the wire with 1.5 mm diameter for the
double abreast wires 10a, 105. Those wires with other 65
smaller diameters (such as 1.7 mm, 1.6 mm and so on) are

also workable.

55

60
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In contrast, 1f conventional 1.9 mm diameter wires are
used, the straight portions thereof after being pressed forms
a cross section of a generally elliptical shape having a major
axis length of about 2.3 mm to 2.4 mm and a minor axis
length of 1.4 mm. With the same groove width and depth, the
groove 23 of the stator 20 can only receive 4 layers of such
wires as shown i FIG. 7. The straight portions of a single
wire, starting from the first end of the wire, are sequentially
embedded in the corresponding grooves 23 of the stator 20
and wound around the stator 20 in the sequence of forward
direction-reverse direction-forward direction-reverse direc-
tion so as to complete the winding to form a wound
alternator stator having two sets of three phase windings
with each groove of the wound stator having 4 layers of
wires.

As mentioned above, the factors influencing the output
ellicacy of an alternator include the wire diameter and the
number of coils as wound (1.e., the number of wire layers in
the groove). Tests of cold temperature output and hot tem-
perature output under different revolutions are conducted on

the same rotor respectively combined with a wound stator
having double abreast wires of 1.5 mm diameter embedded

therein (see FIGS. 5A, 5B and 6), and with a wound stator
having a single wire of 1.9 mm diameter embedded therein

(see FI1G. 7). The results are shown 1n the following Table 1:

TABLE 1

Rev(rpm)

1,600 1,800 2,000 2,500 3,000 4,000 5,000 6,000 7,000 8,000

113.3 1248 132.8 1453 152.0 158.1 161.2 1634 164.9 165.6

101.9 124.2 141.9 170.0 185.8 200.3 206.8 210.6 213.0 215.1

94.3 104,77 112.1 1227 1285 133.0 135.3 136.6 137.5 13%.0

80.9 100.7 118.0 144.0 158.6 1704 1755 1779 179.0 1789

The cold temperature output shown 1n Table 1 1s measured
directly at the beginning of testing for the stator in combi-
nation with the rotor; the hot temperature output 1s measured
at about 40 to 50 minutes after the test for the stator in
combination with the rotor has begun. The temperature of

the stator 1s higher under hot temperature test than 1t 1s under
cold temperature test. The condition under hot temperature
test 1s closer to the actual working condition of the alterna-
tor. In view of Table 1, a comparison between the wound
stator shown 1n FIG. 6 with double abreast wires of 1.5 mm
diameter embedded therein and the wound stator shown 1n
FIG. 7 with single wire of 1.9 mm diameter embedded
therein reveals that both the hot and cold temperature output
of the former are always greater than those of the latter when
the revolutions of the rotor are higher than 2,000 rpm. That
1s, the current output eflicacy of the former 1s better than the
latter under high revolutions. As shown 1n the cold tempera-
ture output graph of FIG. 8 A, and the hot temperature output
graph of FIG. 8B, the wound stator having double abreast
wires embedded therein with pressed wires of small diam-
cter (e.g., 1.5 mm) has better output eflicacy than the wound
stator having a single wire embedded therein with conven-
tional wires such as a wire of 1.9 mm diameter.

Further to the above, the size of the magnet shoes formed
at the end of the separating posts 22 can be reduced so as to
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increase the dimension of the openings 235. As shown 1n FIG.
6, in the present invention, the width of the groove 23 of the
stator 20 1s designed to allow receiving only one single wire
10, and therefore the groove width of the groove 23 1s
slightly larger than the diameter of the wire 10. In addition,
the end of the separating post 22 has a magnetic shoe 24 of
a reduced size makes the width of the groove opening 23
close to the width of the groove 23 so that the straight
portion 131 of the wire 10 can be directly and completely
embedded 1n the groove 23 from the opening 25. As for the
ellicacy of power generation, surprisingly, after winding 1s
completed according to the above embodiment of the pres-
ent 1invention, the power generation eflicacy i1s close to the
case where the size of a magnetic shoe 1s larger.

The advantage of the foregoing stator structure in which
the size of the magnetic shoe 24 of the stator 20 1s decreased
to increase the dimension of the opening 25 of the groove 23
according to the present mnvention 1s that: it 1s easy for the
entire straight portion 131 of the wire 10 to be directly
embedded 1n the groove 23, thereby significantly lowering
the complexity of winding, increasing the winding speed,
and making possible automatic winding by using a lead-in
wire j1g. Thus, production etliciency 1s improved.

The structure of the wound stator with double abreast
wires embedded therein as disclosed in this application 1s
not limited to that shown in FIGS. SA, 5B and 6. In an
alternative approach as shown in FIG. 9, the double abreast
wires 131 are disposed adjacent to each other and thus 1s
oriented 1n a circumierential direction of the stator. The
straight portions of double abreast wires are, starting from
the first end, sequentially embedded 1n a forward direction
in the corresponding grooves of the stator to surround the
stator 1n a manner and are then sequentially embedded 1n the
corresponding grooves of the stator in a reverse direction to
surround the stator so that each of the corresponding grooves
has two radial layers of wires disposed adjacent to each other
in the circumierential direction. Similarly, the above double
abreast wires can be further respectively connected 1n series
to the first end of another double abreast wires, and the
straight portions of the other double abreast wires are
disposed adjacent to each other in a circumierential direction
of the stator and are, starting from the first end thereof,
sequentially embedded 1n a forward direction 1n the corre-
sponding grooves of the stator to surround the stator and jut
out with the second end of the other double abreast wires so
that each of the corresponding grooves has three radial
layers of wires adjacent to each other in the circumierential
direction. In another embodiment, the forgoing double
abreast wires with three radial layers of wires embedded 1n
the grooves of the stator are then sequentially embedded in
the corresponding grooves of the stator in a reverse direction
and jut out with the second end of the other two wires so that
cach of the corresponding grooves has four radial layers of
wires adjacent to each other 1n the circumierential direction.

A wound stator as 1llustrated in the above may be com-
bined with a rotor 40 as shown 1n FIG. 10 to form a vehicle
alternator assembly. The rotor 40 of the alternator 1s rotat-
able relative to the stator (not shown). The rotor 40 includes
a rotating shait 41, a slip ring 42, a bearing 43, a magnetic
field coil 44, a first claw magnetic pole element 45, and a
second claw magnetic pole element 46. The wound stator
surrounds the rotor 40 1n coaxial form. When electric power
from a vehicle storage battery 1s supplied to the magnetic
field coil 44 through the slip ring 42, the first claw magnetic
pole element 45 and the second claw magnetic pole element
46 are magnetized under the eflect of electromagnetic induc-
tion to generate a magnetic field. When the rotor 40 1s driven
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by power from an engine to rotate relative to the wound
stator, the direction of the magnetic field also changes with
the rotation of the rotor 40. In that case, the stator coil
generates an alternating current via electromagnetic induc-
tion.

In particular, when a current 1s passed through the mag-
netic field coil 44 of the rotor 40, the first claw magnetic pole
clement 45 and the second claw magnetic pole element 46
may be magnetized mto an N pole and an S pole due to
clectromagnetic induction. As such, the claw-shaped bodies
451, 461 of each pair of adjacent claw magnetic pole
clements 45, 46 may produce a magnetic ficld. During the
rotation of the rotor 40, electromagnetic induction further
occurs between the directions of the magnetic fields and the
wire 10 1n the stator winding to generate an alternating
current.

Further, as shown 1n FIG. 10, the first claw magnetic pole
clement 45 of the rotor 40 may have four, six or eight
claw-shaped bodies 451, while the second claw magnetic
pole element 46 may also have four, six or eight claw-shaped
bodies 461, 1n which the number of claw-shaped bodies 451
of the first claw magnetic pole element 55 is the same as that
of claw-shaped bodies 461 of the second claw magnetic pole
clement 46. The first claw magnetic pole element 45 and the
second claw magnetic pole element 46 are engaged with
cach other so that the claw-shaped bodies 451 of the first
claw magnetic pole element 45 and the claw-shaped bodies
461 of the second claw magnetic pole element 46 are
adjacent to each other while slightly spaced apart {from each
other. As discussed above, when a current 1s passed through
a magnetic pole coil 44 of a rotor, the first claw magnetic
pole element 45 may be magnetized into an N pole due to
clectromagnetic induction, and the second claw magnetic
pole element 46 may be magnetized into an S pole due to
clectromagnetic induction. Therefore, magnetic lines of
force may be generated between each pair of the adjacent
claw-shaped body 451 of the first claw magnetic pole
clement 45 forming the N pole, and claw-shaped body 461
of the second claw magnetic pole element 46 forming the S
pole so as to form a magnetic field. If the magnetic field coil
1s arranged to be wound 1n a direction opposite the foregoing
magnetic pole coil, the first claw magnetic pole element 45
1s magnetized into the S pole due to electromagnetic induc-
tion, and the second claw magnetic pole element 46 1s
magnetized mto the N pole due to electromagnetic induc-
tion. Similarly, magnetic lines of force may also be gener-
ated between each pair of the adjacent claw-shaped body
451 of the first claw magnetic pole element 45 forming the
S pole, and claw-shaped body 461 of the second claw
magnetic pole element 46 forming the N pole so as to form
a magnetic field.

As shown 1n FIG. 11, 1n a preferred embodiment of the
present invention, a permanent magnet 50 or a permanent
magnet 50 with a cover 60 1s disposed between each pair of
the claw-shaped body 451 and 1ts adjacent claw-shaped
body 461. As shown i FIGS. 11 and 12, the permanent
magnet 50 may be fixedly disposed between each pair of the
claw-shaped body 451 and the claw-shaped body 461 which
are adjacent to each other. An N polar end 351 of the
permanent magnet 50 1s 1 contact with the claw-shaped
body 451 of the first claw pole element 45 that forms the N
pole, and an S polar end 52 of the permanent magnet 50 1s
in contact with the claw-shaped body 461 of the second claw
pole element 46 that forms the S pole. As such, when an
clectric current enters the magnetic-pole coil of the rotor and
a magnetic field 1s formed between each pair of the claw-

shaped body 451 and the claw-shaped body 461, the per-
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manent magnet S0 can block linear passing of the magnetic
lines between the adjacent claw-shaped bodies 451 and 461,
and avoid magnetic leakage, so as to reinforce the magnetic
field formed by the adjacent claw-shaped bodies 451 and
461 and further increase the generating capacity of the
alternator.

If the first claw pole element 45 1s magnetized 1nto an S
pole due to electromagnetic induction, and the second claw
pole element 46 1s magnetized mto an N pole due to
clectromagnetic induction, the permanent magnet 30 1is
disposed 1n such a manner that i1ts N polar end 51 1s 1n
contact with the claw-shaped body 461 of the second claw
pole element 46 and 1ts S polar end 52 1s 1n contact with the
claw-shaped body 451 of the first claw pole element 45.

In short, when the permanent magnet 50 1s fixed between
cach pair of the adjacent claw-shaped body 45 and the
claw-shaped body 46, which has generated polarities due to
clectromagnetic induction, a polar end of the permanent
magnet 30 1s 1n contact with the claw-shaped body having
the same polarity and likewise for the other polar end.

Also, as shown 1in FIG. 12, an outer surface 53 of the
permanent magnet 50 fixed between adjacent the claw-
shaped bodies 451 and 461 that face outward 1s covered with
a cover 60 made of a non-magnetic material. Not only can
the permanent magnet 30 be protected by the ngidity of the
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with 1ts cover 60 into between two adjacent claw-shaped
bodies 451 and 461. A concave portion 53 1s formed between
inner sides of the claw-shaped bodies 451 and 461 by means
of turn-milling, and the permanent magnet S0 with 1ts cover
60 may be received 1n the concave portion 55 so as to be
embedded between the two adjacent claw-shaped bodies 451
and 461. The N polar end 51 of the permanent magnet 50
abuts against the N-pole claw-shaped body 451, and the S
polar end 52 thereof abuts against the S-pole claw-shaped
body 452.

To enable the permanent magnet 50 or the permanent
magnet 50 and 1ts cover 60 to be further fixed between the
adjacent claw-shaped bodies 451 and 461, an adhesive can
be applied between the permanent magnet S0 or the perma-
nent magnet 50 with 1ts cover 60 and the claw-shaped bodies
451 and 461.

The rotor structure with the permanent magnet 50 dis-
closed above can eflectively increase the output current.
Tests of cold temperature output and hot temperature output
under different revolutions are conducted on the same
wound stator made by double abreast wires of 1.5 mm
diameter embedded therein (as shown 1n FIGS. SA, 3B and
6) 1n combination with a rotor 40 with permanent magnet 30,
and 1n combination with a rotor without permanent magnet,
respectively. The results are shown 1n the following Table 2:

TABLE 2
Rev({rpm

AMP 1,600 1,800 2,000 2,500 3,000 4,000 5,000 6,000 7,000 ¥,000
Cold With 135.0 154.0 171.0 193.0 205.0 214.0 217.0 219.0 221.0 222.0
temp. permanent
output magnet

Without 90.0 115.0 134.0 165.0 182.0 197.0 204.0 208.0 211.0 213.0

permanent

magnet
Hot With 106.0 125.0 139.0 159.0 170.0 178.0 182.0 184.0 185.0 185.0
temp. permanent
output magnet

Without 75.0  97.0 115.0 143.0 158.0 171.0 176.0 178.0 180.0 181.0

permanent

magnet

cover 60 but magnetic leakage can also be further avoided
through the non-magnetic properties of the cover 60. In one
embodiment of the invention, the non-magnetic material 1s
stainless steel.

The permanent magnet 50 or the permanent magnet 50

with a cover 60 may be fixed between two adjacent claw-
shaped bodies 451 and 461 1n an embedded manner. FIG. 13,
which 1s a cross sectional view taken along Line A-A in FIG.
11, shows a manner of embedding the permanent magnet 50
with 1ts cover 60 between the two adjacent claw-shaped
bodies 451 and 461. The two opposite sides of a claw-shaped
body 451 of the first claw pole element 435 and a claw-shaped
body 461 of the second claw pole eclement 46 adjacent
thereto are respectively provided with a groove 453 and a
groove 463 by means of turn-milling, and the permanent
magnet 50 with 1ts cover 60 can be embedded between the
two adjacent claw-shaped bodies 451 and 461 and recerved
by the two grooves 453 and 463. The N polar end 51 of the

permanent magnet 50 1s received 1n the groove 453 of the
N-pole claw-shaped body 451, and the S polar end 352
thereol 1s received in the groove 463 of the S-pole claw-
shaped body 461. In addition, FIG. 14, which 1s another
sectional view taken along Line A-A i FIG. 11, shows
another manner of embedding the permanent magnet 50
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According to the result of Table 2, the cold temperature
output current and the hot temperature output current of the
rotor having permanent magnet 50 embedded between the
adjacent N-pole claw-shaped body and S-pole claw-shape
body are always greater than those produced by the rotor
without permanent magnet embedded between the bodies
under any revolution. Please refer to the cold temperature
output graph of FIG. 15A and the hot temperature output
graph ol FIG. 15B. The graphs indicate that the rotor
structure having permanent magnet embedded between the
adjacent N-pole claw-shaped body and S-pole claw-shaped
body of the poles achieve better power generation eflicacy
than that without the permanent magnet embedded therebe-
tween.

The rotor according to a preferred embodiment of the
present invention should not be construed as being limited to
the above specific embodiments. For example, the perma-
nent magnets may be fixed between two adjacent claw-
shaped bodies in another manner, or the permanent magnets
may be disposed between only a part of two adjacent
claw-shaped bodies.

A vehicle alternator consisting of the wound stator having
double abreast wires embedded therein 1n combination with
the rotor as described above has a mimiature structure and
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also has the characteristic of high power generation eflicacy.
Meanwhile, the invention simplifies manufacturing proce-
dures, makes automation easier, and allows for lower manu-
facturing costs. The foregoing embodiments are 1llustrative
of the technical concepts and characteristics of the present
invention so as to enable a person skilled 1n the art to gain
insight into the content disclosed herein and to implement
the present invention accordingly. However, it 1s understood
that the embodiments are not intended to restrict the scope
of the present invention. Hence, all equivalent modifications
and variations made to the disclosed embodiments without
departing from the spirit and principle of the present inven-
tion should fall within the scope of the appended claims.

What i1s claimed 1s:

1. A wound stator of an alternator, comprising:

a stator; and

a group of wires comprising a plurality of abreast wires,
wherein the group of wires are embedded 1n corre-
sponding grooves of the stator sequentially and the
abreast wires 1n the grooves are oriented 1n a radial
direction of the stator,

wherein each of the abreast wires comprises:

a plurality of wave-shaped coils, each of the wave-shaped
coils being formed of straight portions and curved
portions that alternate with each other, wherein the
cross section of the straight portions of each of said
wires 1s generally in elliptical shape, and the straight
portions of the group of wires are sequentially embed-
ded 1n the corresponding grooves of the stator along a
direction of the major length of the elliptical shape,

wherein the group of wires for a stator comprises two
abreast wires and each of the two abreast wires com-
prises a first end and a second end, and

wherein the straight portions of the two abreast wires are,
starting from the first end, sequentially embedded 1n a
forward direction in the corresponding grooves of the
stator so that each of the corresponding grooves of the
stator has two layers of wires embedded 1n a radial
direction of the stator, and are then sequentially embed-
ded 1n the corresponding grooves of the stator 1n a
reverse direction and jut out from one of the corre-

sponding grooves with the second end so that each of

the corresponding grooves has four layers of wires
embedded 1n a radial direction of the stator.

2. The wound stator according to claim 1, wherein the two

abreast wires are respectively connected 1n series to the first
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end of another two abreast wires, the other two abreast wires
starting irom the first end thereof sequentially embedded 1n
a forward direction 1n the corresponding grooves of the
stator and jut out from one of the corresponding grooves
with the second end of the another two abreast wires so that

cach of the corresponding grooves has six layers of wires
embedded 1n a radial direction of the stator.

3. The wound stator according to claim 1, wherein the two
abreast wires are respectively connected 1n series to the first
end of another two abreast wires, the other two abreast
wires, starting from the first end thereof, are sequentially
embedded 1 a forward direction in the corresponding
grooves of the stator and are then sequentially embedded 1n
the corresponding grooves of the stator in a reverse direction
and jut out from one of the corresponding grooves with the
second end of the other two abreast wires so that each of the
corresponding grooves has eight layers of wires disposed 1n
a radial direction of the stator.

4. The wound stator according to claim 3 wherein the
generally elliptical shape has two flat sides.

5. The wound stator according to claim 3, wherein the
stator comprises an annular body, the annular body has a
plurality of separating posts protruding inwardly and radi-
ally from an 1nner circumierence of the annular body, an end
of each of the separating posts extending from its two sides
to form a plurality of magnetic shoes, and the grooves 1n the
radial direction are defined between the separating posts,
cach of the grooves has an opening defined between adjacent
magnetic shoes at the ends of adjacent separating posts, the
width of each of the grooves i1s configured to receive only
one wire, and the width of the openings of the grooves is
slightly larger than the size of the straight portions of the
wire, so the straight portions of the wires can be directly
embedded 1n the grooves from the openings.

6. The wound stator according to claim 3, wherein an
clectrical insulating matenal 1s laid on the surface of each
groove ol the stator, and the electrical insulating material
comprises a material selected from a group consisting of a
pressed paper board, a plastic film, a polyester film, aramid
paper, and epoxy resin.

7. The wound stator according to claim 3, wherein the
stator has 72 to 96 grooves.

8. The wound stator according to claim 3, wherein the
plurality of the wave-shaped coils of the wires has 6 to 8
curved portions in the same curving direction.
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